In this data report we present major and trace element abundances for 159 samples recovered from Hole 1256D during Integrated Ocean Drilling Program Expedition 309/312, determined by X-ray fluorescence and inductively coupled plasma-mass spectrometry (ICP-MS). These samples represent a large proportion of rocks taken from the Expedition 309/312 sample pool, a collaborative effort to provide comprehensive geochemical analyses of a representative suite of samples from Hole 1256D. The samples analyzed are distributed from the sheet and massive flows (~750 meters below seafloor [mbsf]), through the sheeted dike complex (1060.9-1406.6 mbsf), and to the late-stage crosscutting dike (~1500 mbsf) at the present bottom of hole underlying the two gabbro intrusions. Analytical procedures and accuracy of analysis are described and compared with shipboard analyses from Expeditions 309 and 312. There are clear compositional differences for some elements between the shipboard analyses and this study. Some of the samples collected during Expedition 312 were not completely dissolved by routine acid digestion, most probably because of the presence of zircon, resulting in low concentrations of elements hosted by zircon including Zr, Hf, Th, and U. These samples were further analyzed by ICP-MS following alkali fusion.
Introduction
Hole 1256D is in 15 Ma oceanic crust of the Cocos plate, which formed during an episode of superfast (~220 mm/y full rate; Wilson, 1996) spreading of the East Pacific Rise (Fig. F1) . Following drilling operations during Ocean Drilling Program (ODP) Leg 206 (Wilson, Teagle, Acton, et al., 2003) and Integrated Ocean Drilling Program (IODP) Expedition 309/312 (see the "Expedition 309/ 312 summary" chapter), Hole 1256D now penetrates 1507.1 meters below seafloor (mbsf) and provides the first complete sampling of intact upper oceanic crust down to gabbros.
Four major lithologic zones were distinguished in Hole 1256D: lavas, transition zone, sheeted dike complex, and plutonic section (Fig. F2) . The upper part of Hole 1256D consists of a thick sequence of lavas (lava pond, ~250-350.3 mbsf and inflated flows, 350.3-533.9 mbsf) and sheet and massive flows (533.9-1004.2 mbsf) separated by a 60 m thick transition zone (1004.2-1060.9 mbsf) from the underlying thin sheeted dike complex (1060.9-1406.6 mbsf) (upper dikes, 1060.9-1348.3 mbsf and granoblastic dikes, 1348.3-1406.6 mbsf) . The first gabbroic rocks were encountered at 1406.0 mbsf, and these intrusive gabbros extend to 1458.9 mbsf. Beneath these gabbros, a 24.2 m thick dike screen appears between 1458.9 and 1403.1 mbsf, which separates the upper gabbros from a second intrusive gabbro body between 1483.1 and 1495 mbsf. These lower gabbros are underlain by a further dike screen, and the lowermost rocks recovered from Hole 1256D are from a late-stage, crosscutting basaltic dike (1483.1-1507.1 mbsf) (see the "Expedition 309/312 summary" chapter).
The samples analyzed in this study are part of the Expedition 309/312 sample pool. This was a collaborative effort by shipboard scientists to ensure that a representative suite of samples were comprehensively chemically characterized for their major and trace element compositions. All samples were prepared for analysis at the National Oceanography Centre, University of Southampton, United Kingdom. Samples were cleaned by sawing and grinding to remove drilling contamination before multiple ultrasonic washes with millipore (18.2 MΩ) water to remove contamination. Samples were reduced to a coarse sand grain size using a fly press and reduced to powder by grinding in a Cr-steel shatterbox. Sample powders were then split into 0.5 to 20 g aliquots and distributed for chemical and isotopic analysis by scientists from the shipboard science party.
The pool samples of Expedition 309/312 provide a representative sample suite from the sheet and massive flows down to the late dike unit of the present bottom of hole. During the IODP Expedition 309/312, major and several trace element abundances were analyzed aboard ship by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (see the "Expedition 309/312 summary" chapter). In this study, 159 samples from the Expedition 309/312 sample pool were analyzed at Niigata University, Japan, by X-ray fluorescence (XRF) and inductively coupled plasmamass spectrometry (ICP-MS). We report our analytical procedures and our estimates of the precision and accuracy of the analyses. Our new analyses are then compared to the shipboard data, though it should be noted that the pool samples and shipboard samples are not identical and were generally selected from a different positions. Finally, we briefly describe geochemical features of these analyses.
Methods and materials
Ten major elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, and P) were analyzed by XRF (Rigaku RIX 3000) at Niigata University following the analytical procedures of Takahashi and Shuto (1997) (Table T1) . For trace element analyses (Sc, V, Cr, Co, Ni, Zn, Ga, Rb, Sr, Y, Zr, Nb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Hf, Ta, Pb, Th, and U) , 159 samples were dissolved by HF-HNO 3 acid digestion following Takazawa et al. (2003) . A total of 62 samples were also dissolved and analyzed by alkali fusion. Solutions were analyzed using an Agilent 7500a ICP-MS at Niigata University, calibrated using the reference values for BHVO-1 (basalt; Hawaii, U.S. Geological Survey [USGS]) of Eggins et al. (1997) . Although we did not have enough sample powder to analyze all samples, selected trace elements (V, Cr, Ni, Rb, Sr, Y, Zr, Nb, Ba, Pb, and Th) were also determined by XRF to cross-check the ICP-MS data where possible.
This approach identified that for many samples cored during Expedition 312 and three samples cored during Expedition 309, there had not been complete dissolution during HF-HNO 3 attack, most probably because of the incomplete dissolution of acid-resistant minerals such as zircon and/or titanite. Therefore, all samples from Expedition 312 and three samples from Expedition 309 were dissolved by alkali fusion (Roser et al., 2000) . In a variation of the Roser et al. (2000) method we dissolved fluxed samples in concentrated nitric acid as opposed to perchloric acid. Sample powders were dissolved in concentrated HF-HNO 3 using Pt crucibles and evaporated. Afterward, Na 2 CO 3 alkali flux was added and heated in an electric furnace. The fluxed samples are dissolved in concentrated HNO 3 , HCl, and ultrapure water. The samples were finally diluted ~20,000 times.
To check the accuracy of analyses, GSJ (Geological Survey of Japan) reference samples were analyzed by XRF. Major element data of JB-1a (basalt; Kitamatsuura), JB-2 (basalt; Oshima), and JB-3 (basalt; Fuji) are shown in Table T2 . For trace element analyses, USGS Geochemical Reference Standard W-2 (diabase; Virginia) was dissolved and analyzed with every group of samples (Table T3) . Major element and trace element abundances of shipboard standards BAS-206 and BAS-312 were also analyzed ( Table T3) .
age results from this study are less than ±4% for five sets of W-2 analyses compared to the recommended values of Eggins et al. (1997) . RSD values of Zr, Hf, Th, and U that were dissolved by alkali fusion are <5%, but RD values for the recommended value (Eggins et al., 1997) are slightly higher (10%) for eight sets of sample analyses. Table T3 shows average (five analyses each) values of , RSD values and average standard deviation values for this study. RSD for most elements are <5% except for V, Cr, Ni, Cs, Ba, and Pb.
Sc analyses were strongly affected by a high blank of up to 8% of BHVO-1 counts per second, and therefore RSD values of Sc were high. Pb blanks were also high, possibly because of contamination by Pb from plastic solution storage vessels. The contamination of Pb from plastic vessels is demonstrated by the correlation between residence time in the plastic vessels and measured Pb abundances in the 5% HNO 3 solutions. Hence, Pb analyses also show highly dispersed results.
Results

Comparison of analyses by different dissolution procedures
Most of the elements analyzed by both dissolution methods (acid digestion and alkali fusion for ICP-MS analyses) show similar values within analytical error ranges. However, Zr, Hf, Th, and U concentrations in samples recovered during Expedition 312 show systematic differences between the two dissolution methods. Figure F3 shows a comparison of analyses of the same sample (312-1256D-184R-1, 0-8 cm) dissolved by acid digestion and following alkali fusion. It is apparent that Zr, Hf, Th, and U concentrations are higher in the sample split prepared by alkali fusion compared to that treated by acid digestion. This relationship is true for all samples from Expedition 312 treated by both methods. The discrepancy between the two dissolution methods is interpreted by the presence of acid-resistant minerals containing Zr, Hf, Th, and U, and is discussed below. On the other hand, Zn, Cs, and Pb show slightly different values between two dissolution methods. As mentioned above, procedural blanks for Pb are high even for the acid digestion method. The Pb blanks are further increased when samples are prepared by alkali fusion. Pb abundances in Hole 1256D samples are significantly affected by high blank levels, but as the Pb data from acid digestion appear to be more accurate with lower blank levels, these values are used for all samples in this study.
The most remarkable differences in Zr concentrations yielded by the two dissolution methods is encountered in samples from deeper than 1300 mbsf.
The Zr values by acid digestion are much lower than the Zr values by alkali fusion for the samples from a deeper level. It is also apparent that the Zr abundances by acid digestion are much lower than those returned during shipboard analyses of samples from deeper levels than 1300 mbsf (Fig. F4) . The Zr abundances by alkali fusion yield concentrations consistent with the shipboard analyses. Furthermore, they show good correlation with XRF data (R 2 = 0.9802) (Fig. F5) . This indicates that the Zr abundances by acid digestion are incorrect because of the incomplete dissolution of acid-resistant minerals. Consequently, the Zr values by alkali fusion are regarded as correct values.
Because acid-resistant minerals such as zircon and titanite are not completely dissolved by acid digestion, the elements contained within these minerals will not be correctly analyzed in samples containing these minerals. For example, zircon contains high concentrations of Zr and Hf, so abundances of Zr and Hf are poorly analyzed by acid digestion for the samples containing zircon. Because Th and U are also highly compatible with zircon (Mahood and Hildreth, 1983) , these concentrations may also be lower than the true values for zircon-bearing samples. Analyses of samples from deeper than 1300 mbsf, prepared by acid digestion only, show discernibly lower Th and U concentrations than the analyses by alkali fusion (Fig. F4) . We conclude that the presence of zircon in samples deeper than 1300 mbsf has affected our ICP analyses of splits prepared by acid digestion.
The presence of titanite, another common acid-resistant mineral, may result in low abundances of heavy rare earth element (HREE) concentrations in samples prepared by acid digestion due to very high compatibility of HREE into titanite. However, rare earth element (REE) concentrations by the two dissolution methods are in good agreement with each other, suggesting that the presence of titanites has not affected the REE abundances in this study.
In conclusion, we found that three samples (309-1256D-146R-1, 30-54 cm; 146R-2, 80-88 cm; and 155R-2, 60-80 cm) at above 1300 mbsf contain acidresistant minerals because of much lower values for splits prepared by acid digestion than the splits prepared by alkali fusion. Therefore, the solutions dissolved by alkali fusion were used for these three samples to determine Zr, Hf, Th, and U concentrations. Therefore, we use the Zr, Hf, Th, and U analyses which were dissolved by alkali fusion for the samples containing acid-resistant minerals. However, because the accuracy of analyses using acid digestion is generally higher than those of alkali fusion, for most trace elements we use data yielded by the standard acid digestion approach. Our preferred trace element analyses are shown in Table T4 and variations of trace element abundances are shown in Figure F7 .
Zircons are usually contained in felsic rocks as accessory minerals. The analyses described above suggest that zircons may be contained in the dike rocks deeper than 1300 mbsf, though zircons were not reported on board (see the "Expedition 309/312 summary" chapter). This may be explained by the different degrees of differentiation in the dike complex, but a systematic difference in Mg-number, where Mg# = 100 × Mg/(Mg + Fe), is not recognized in samples above 1300 mbsf (Fig. F6) . Higher degrees and different styles of hydrothermal alteration may be responsible for the appearance of zircon at the deeper level.
Comparison of data from this study and shipboard data
During Expedition 309/312, 10 major elements and 11 trace elements (Co, Zn, Sc, Cr, V, Cu, Zr, Y, Sr, Ba, and Ni) were analyzed by ICP-AES. Figures F6 and F7 compare the variations in major element and trace element abundances with depth using both the shipboard data and this study. For the major elements, downhole variations are generally consistent between the shipboard data and this study.
For the trace element analyses, comparison with the shipboard data is possible for the 10 trace elements analyzed on board; however, Cu, V, Cr, Ni, Zn, Y, and Zr values from this study are generally similar to the shipboard data. Sc values are significantly different between shipboard data and this study with Sc concentrations determined during Expedition 309 being much lower than our data. Co abundances determined aboard ship for samples in the vicinity of 1200 mbsf are much higher than our results. Sr abundances from Expedition 312 are in good agreement with our results, but Expedition 309 shipboard data tend to have higher Sr concentrations than those of this study. Shipboard Ba abundances from 800 to 900 mbsf tend to be higher, and those from 1100 to 1200 mbsf are lower than our results. Some of these discrepancies may be due to the different samples analyzed on board and in this study, but a significant component must be due to differences in analytical methods and analytical equipment and the difficulties of shipboard analysis. Exp. 309
Exp. 312 Figure F3 . Comparison of inductively coupled plasma-mass spectrometry analyses of Sample 312-1256D-184R-1, 0-8 cm, dissolved by acid digestion and following alkali fusion. Zr, Hf, Th, and U values by acid digestion are lower than those by alkali fusion, indicating the presence of acid-resistant minerals. Figure F4 . Downhole variations of Zr, Hf, Th, and U abundances of inductively coupled plasma-mass spectrometry analyses by acid digestion and alkali fusion. The discrepancy between the two dissolution methods becomes prominent in samples from deeper than ~1300 mbsf. Figure F5 . Plot of Zr values of inductively coupled plasma-mass spectrometry (ICP-MS) analyses by alkali fusion method vs. analyses of X-ray fluorescence (XRF) for the same samples. Zr values of ICP-MS analyses show higher concentrations than those of XRF analyses.
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XRF ( Figure F7 . Downhole variation diagram of trace element abundances of the pool samples by inductively coupled plasma-mass spectrometry analyses of this study. Shipboard analyses data of Co, Zn, Sc, Cr, V, Zr, Y, Sr, Ba, and Ni abundances by inductively coupled plasma-atomic emission spectroscopy from Expedition 309/312 are also plotted. Blue bands = gabbro intervals. (Continued on next page.) 
